. Stone number and diameter were assessed by radiography. Above three stones the number was not specified because this had no proven value.'8
Abstract
During a period of 24 months 693 consecutive patients with symptomatic gail bladder stones (526 males, 167 females; mean age 51 years, range were treated by extracorporeal shock wave lithotripsy with a Piezolith 2300. The procedure was carried out on an outpatient basis without analgesics or sedatives. Concomitant chemolitholytic treatment (ursodeoxycholic and chenodeoxycholic acid 7 5 mg/kg/day each) was administered until three months after total fragment clearance for a maximum therapy period of 1*5 years. In 601 patients with radiolucent stones complete clearance of all fragments was obtained after three, six, 12, and 18 months in respectively 20, 41, 64, and 78%. Actuarial analysis of the subgroups according to the stone mass (size and number) selected an ideal patient population with solitary stones less than 20 mm diameter (84% stone free after one year). The results are significantly less good when the greater the number of stones or their maximal diameter increases. Treatment was interrupted in 3-6% of the patients. In 90 sludge or fragments remain present. Twenty five patients were lost to follow up for non-biliary reasons. Stone recurrence was 5 7% at one year and was observed both in patients with solitary and multiple stones. A cost effectiveness analysis suggests that laparoscopic cholecystectomy is the most effective and economic solution, although extracorporeal shock wave lithotripsy for solitary radiolucent stones less than 2 cm is cheaper than conventional cholecystectomy. Extracorporeal shock wave lithotripsy for multiple stones is the most expensive and least effective option. (Gut 1993; 34: [274] [275] [276] [277] [278] Methods PATIENT 
SELECTION
The criteria for selection to this study were those previously described by the Munich Study Group' (Table I) Table  II . Stone number and diameter were assessed by radiography. Above three stones the number was not specified because this had no proven value. '8 The mean (SD) diameter of the stone was 17 4 (7 5) mm in the case of solitary calculus and 12-6 (7-7) mm in the case of multiple stones (p<0O001). The influence of possible bias on the success of lithotripsy was assessed by relating The pulse frequency was set at 1 5 Hz. The number of shock wave discharges administered per session was limited to 3000, based on experimental studies3'7 and because a higher number of discharges leads to clouding of the gall bladder with resultant suboptimal ultrasonographic visualisation caused by cavitation and fragmentation effects (cloud of dust phenomenon). A maximum of five retreatments were scheduled when fragments larger than 5 mm were visible by ultrasonography four weeks after the previous lithotripsy session. All the patients were treated in the prone position, with the shock waves entering from the ventral side. The procedure was on an outpatient basis without administration of analgesic or sedative medication. The interval between two consecutive sessions varied between four and six weeks.
Adjuvant chemolitholytic medication was given to obtain complete dissolution of the fragments. Chenodeoxycholic acid and ursodeoxycholic acid, 7-5 mg/kg body weight, administered daily as a single dose at bedtime, were started 10 days before the first lithotripsy session and continued until the gall bladder was stone free for three months.20 Compliance with the oral treatment was assessed by questioning at the control or at follow up.
FOLLOW UP
The predefined outcome for the evaluation of 
SIDE EFFECTS
Lithotripsy caused one or more adverse effects in 50% of the patients. Minor side effects during the procedure were right upper quadrant discomfort (7%) responding to a slight reduction of the intensity, vagal reaction (1%), and skin petechiae (5%). In one patient an acute abdominal pain syndrome caused by a haematoma in the gall bladder wall necessitated the interruption of the treatment.
In the days or weeks after the lithotripsy 36% of the patients had attacks of biliary pain. In the majority, pain responded well to minor analgesics. Laboratory and clinical signs of mild pancreatitis occurred in two patients (0 3%). Five per cent complained of diarrhoea that resolved after a slight reduction of the bile acid medication.
Major side effects resulting in interruption of the treatment were uncontrolled biliary colics in 13 majority of our patients, however, repeat lithotripsy sessions were necessary to obtain an acceptable fragmentation. With the spark gap system a smaller number of shock waves seems necessary, most patients needing only one session. This difference is probably because of the lower energy per pulse transmitted with the piezo electric system compared with the electrohydraulic one. 12 1322 23 We extended the range of indications of the Munich group, and performed extracorporeal lithotripsy combined with oral bile acid dissolution in a group of patients with four to 25 radiolucent stones. As expected, because of the larger stone mass, these patients needed more sessions and complete stone disappearance was slower: the success rate was 57% at one year.
In patients with partially calcified stones the success rate was lower. Forty seven per cent of those with a calcified rim and 33% of those with a calcified nucleus were, however, stone free after one year. Lithotripsy with the piezo electric generator Wolf 2300 is well tolerated, only 7% experienced local pain of moderate intensity during or immediately after the procedure. Indeed, the piezo electric generator has a high pressure gain which implies that the peak pressure at the skin, where the beam enters the patient, is rather low.2223 This is why it can be performed on an outpatient basis, without administration of analgesic or sedative medication and this represents an important clinical advantage over the electrohydraulic technique of shock wave generation.
Good visualisation of the stones during lithotripsy is essential to optimise fragmentation, especially with the Wolf 2300 lithotriptor, the focusing area being small. A suboptimal ultrasonographic localisation could explain less satisfactory results obtained in some other centres.' Therefore, previous ultrasound experience is recommended before starting with the Piezolith 2300. The incidence of recurrent biliary colic is rather high. In the majority of patients, however, the pain is of short duration and responds well to spasmolytic medication or minor analgesics. Because only symptomatic patients were treated, it is difficult to distinguish biliary pain which occurs as part of the natural course of the disease from that caused by lithotripsy. Other significant side effects were uncommon.
One third of the failures are caused by the development of an afunctional gall bladder which precludes the dissolution of the remaining small fragments.
The In our country the cost of a conventional cholecystectomy is estimated at US$2400 (£1400), the inability to work not taken into consideration.
Because of its shorter hospital stay, the cost to the community of laparoscopic cholecystectomy (with a 5% morbidity) can be estimated at US$1570 (£920). Early resumption of normal activities is expected with this technique.
The cost of extracorporeal shock wave lithotripsy is strongly influenced by the stone number, volume, and characteristics. Optimal results with least expenditure are obtained in patients with radiolucent solitary stones, less than 2 cm diameter, with a total cost comparing favourably with the conventional cholecystectomy.
Indiscriminate patient selection is in our opinion unwanted and extracorporeal shock wave lithotripsy should be largely restricted to patients with solitary stones, as careful patient selection is the key to obtaining optimal results with the least expenditure. This cost effectiveness analysis, however, suggests that overall laparoscopic cholecystectomy is the most economic therapeutic approach to the patient with symptomatic gall bladder stones.
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